Abstrak (156,8 ± 33,1 vs 116,03 ± 5,66)
rehabilitative programs in an effort to improve health, especially of the heart. Considering energy metabolism, there are two forms of exercise, aerobic and anaerobic. Aerobic condition produces a minimum of 30 mol ATP by mitochondrial oxidative phosphorylation with Exercise is regular physical activity within a certain period of time and intensity, which aims to increase physical performance and to keep the body healthy and fit. In addition to maintaining physical fitness, physical exercise is recommended for preventive, curative and glucose from glycogen and free fatty acids as the main metabolic sources of energy. The process depends on the availability of molecular oxygen. Anaerobic exercise does not use oxygen in the metabolic process of energy conservation. In the latter case, formation of ATP uses free glucose via glycolysis yielding only 2 mol per mol glucose or creatine phosphate via phosphocreatine kinase.
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Exercise leads to increased oxygen demand, which is required in oxidative phosphorylation for ATP production. The latter provides the energy to perform muscle contraction during exercise. 2 Unbalanced metabolism under high oxygen demand and insufficient supply of oxygen results in hypoxia in skeletal muscle tissue. 3 Hypoxia triggers the metabolic adaptation responses at systemic physiological and molecular levels. 4 Exercise triggers the expression of genes involved in the corresponding metabolic condition. This expression is influenced by external and internal factors such as changes in oxygen concentration or cellular pathways. Hypoxia inducible factor-1 (HIF-1), a heterodimer composed of subunits HIF-1α and HIF-1β exerts increased activity (up-regulation) in hypoxic conditions. Both subunits are constitutively transcribed and translated. In normoxic condition, HIF-1α degrades rapidly, but is stable in hypoxia. Consequently, HIF-1 plays a role in maintaining energy metabolism and oxygen balance. 5 It regulates the expression of various genes with a wide range (so-called master regulatory gene) including genes involved in erythropoiesis, glucose metabolism and angiogenesis.
Angiogenesis is the formation of new capillary vessels as muscle adaptation in response to decreased oxygen levels. Angioneogenesis occurs due to an imbalance between the metabolic needs of the tissue and the capacity of vascular blood perfusion. An important regulator of angiogenesis is the vascular endothelial growth factor (VEGF). Hypoxia increases VEGF expression through regulation via HIF-1. In skeletal muscle, increased HIF-1α and HIF-1β levels are associated with an increase in VEGF mRNA, i.e., HIF-1 activation affects VEGF gene expression. 6 Although HIF-1 is known as a regulator of VEGF mRNA, its role in molecular adaptation to exercise in the myocardium is still unclear. Previous studies rather discussed molecular mechanisms of hypoxia caused by pathologic conditions of the heart muscle in relation to exercise, 7 whereas molecular research in the field of sports health focused on the influence of hypoxia on skeletal muscle. In normal myocardium, it is not known whether aerobic and anaerobic exercise results in hypoxia as in skeletal muscle. If exercise leads to hypoxia in the heart, it must be clarified whether HIF-1α plays a role in the adaptation via the same mechanisms as in skeletal muscle. In addition, it should be investigated whether HIF-1α correlates with VEGF expression in order to adapt to hypoxic condition in heart muscle during exercise.
METHODS
This experimental animal study was conducted in the animal house of the Faculty of Medicine Universitas Indonesia between August 2009 and August 2010. Forty-five male Wistar rats, 6 -8 weeks old weighing 80-100 g were assigned randomly to a control group (P1) and eight exercise groups (P2-P9). Some rats died during exercise, some rats were lazy, not running properly and not following the exercise protocol on the treadmill. At the end, each group provided data of three rats (n = 3), which was calculated as the animal requirement of our study. Four groups performed aerobic (P2-P5) and four anaerobic (P6-P9) exercise. For aerobic exercise a treadmill at a speed of 20 m/min was used continuously for 30 minutes and for the groups performing anaerobic exercise the speed was adjusted to 35 m/min continuously for 20 minutes. Execise on the treadmill was performed for 1, 3, 7 and 10 days. The experimental procedure for aerobic and anaerobic exercise was adapted from the method of Fahrenia, 2010, 8 which in turn is based on the method of Soya et al. 9 All rats were acclimated to the treadmill for 1 week by exposing them to the apparatus moving at low speed.
The determination of biomedical parameters (e.g., HIF-1α, VEGF) was accomplished in the laboratory of the Department of Biochemistry and Molecular Biology, Faculty of Medicine, Universitas Indonesia. To confirm the influence of the exercise on oxygen supply in the body, routine blood gas analysis was carried out with heparinized aortic blood using a Corning 165 Blood Gas Analyzer. The values of oxygen partial pressure (P O2 ), oxygen saturation (Sat O 2 ), P CO2 and pH are presented in Table 1 . Further hematological data were obtained from a Sysmex KX21 Hematology Analyzer using venous EDTA-blood (data not shown).
The study was approved by the Ethical Committee of the Faculty of Medicine Universitas Indonesia. At the end of the experimental period, the rats were decapitated and the hearts excised. Cardiac muscle tissue was stored at -70 0 C until processed.
Measurement of HIF-1α
At the days indicated, cardiac muscle tissue was weighed and homogenates prepared by adding lysis buffer. HIF-1α concentrations were measured by sandwich ELISA using Surveyor TM IC Human / Mouse Total HIF-1α Immunoassay kits (Cat. SUV 1935, R & D Systems).
Measurement of VEGF
Measurement of VEGF concentration in heart muscle tissue was carried out with Quantikine Mouse VEGF kit (Cat. MMV00, R & D Systems).
Statistics
The research data were processed using SPSS 17.0 software. ANOVA was conducted to examine mean differences between the groups with significance level of p < 0.05. To determine correlation between HIF-1α and VEGF, Pearson test was used.
RESULTS

Blood gas analysis
Oxygen partial pressure P O2 as a measure of oxygen supply was reduced in all exercise groups vs. controls, highly significant in the average of anaerobic groups and not significant (p = 0.149) in the average of aerobic groups ( Table 1 ). The latter value (66.5 mmHg) was almost twofold higher than in the anaerobic groups (34.04 mmHg). Oxygen saturation was also significantly reduced versus Table 1 . Blood gas analysis: partial oxygen pressure, oxygen saturation, partial carbondioxide pressure and pH under aaerobic and anaerobic conditions
Blood gas analysis was routinely conducted (n = 3 in each group), P O2 = partial oxygen pressure, Sat O 2 = oxygen saturation, P CO2 = partial carbondioxide pressure, C = control, signific = significant, n.s. = not significant, high s. = high significance, anaer vs aer = anaerobic versus aerobic conditions controls, highly significant (p = 0.009) in anaerobic and significant (p = 0.017) in aerobic exercise.
Carbondioxide partial pressure (P CO2 ) was increased in all anaerobic and aerobic groups. The anaerobic average (59.93 mmHg) was higher than the aerobic value (56.86 mmHg); however, the latter differed with high significance (p = 0.005) from controls (37.93 mmHg) because of its low standard deviation (SD) of ± 4.92, whereas the high SD of ±12.92 in the anaerobic average made it not significant (p = 0.088). The pH values were lower in all exercise groups than in controls (pH 7.07) and slightly lower in the anaerobic (pH 6.92) than in the aerobic average (pH 6.98). All differences in pH values between the groups were not statistically significant ( Table 1 ).
The concentration of HIF-1α
On the first day, the concentrations of HIF-1α in heart muscle increased significantly both in aerobic and anaerobic exercise compared to the control group ( Figure  1 ). In the aerobic group, HIF-1α concentration increased to 254% of controls, whereas it was 343% in the anaerobic group. Then, the concentrations decreased again to reach about control values on days 7 and 10. On day 3, HIF-1α concentration in the aerobic group was still 210% of controls, whereas in the anaerobic group it reached almost the control value (121%). This difference between the two exercise groups was statistically significant (p < 0.05). 
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The concentration of VEGF
The concentration of VEGF in myocardium ( Figure  2 ) was significantly increased in all aerobic groups compared with the control group. Likewise, in the anaerobic groups, significant difference occurred towards the control group except for day 10. In the aerobic groups, VEGF concentration was highest on the first day (373%), then decreased (344% on day 3) to 263% on day 7 and 143% on day 10. In the aerobic group, VEGF concentration was 291% of controls on the first day and increased further to 417% on day 3. Then VEGF concentration decreased to 305% on day 7 and to 209% on day 10. Differences between the groups of aerobic and anaerobic activities were significant on the 1 st , 3 rd and 10 th days. 
Correlation between HIF-1α and VEGF
The regression correlation between HIF-1α and VEGF in the aerobic groups is moderate (r = 0.59) and strong in the anaerobic groups (r = 0.69) ( Figure. 3 and 4) .
DISCUSSION
The treadmill exercise model applied in our study leads to a rapid decrease in partial oxygen pressure on the first day of exercise, both in anaerobic and aerobic condition. Whereas aerobic exercise quickly recovers in the course of the experiments, P O2 stays low in anaerobic condition (Table 1 ). This indicates well that we used a valid exercise model differentiating between aerobic and anaerobic conditions.The other parameters of hypoxic or normoxic condition shown in Table 1 exert similar trends, although not as clear as partial oxygen pressure, oxygen saturation fluctuates but follows the same pattern. Partial carbondioxide pressure shows the opposite trend, it increases under exercise, more in anaerobic than in aerobic condition. Decrease of pH is the fourth indicator of hypoxic conditon under exercise measured in our study, its decrease is slightly more expressed in anaerobic than in aerobic condition.
Statistical significance should not be overestimated in this context, first the model is not absolute, fully anaerobic on one hand and fully aerobic on the other. Second, the numbers of our experimental animals and thus of our samples were low (n = 3) for blood gas measurements and third, individual fluctuations in some groups were considerable. However, these shortcomings do not alter the total picture of a valid model for anaerobic and aerobic exercise.
8,9
In accordance with blood gas analysis, HIF-1α concentration increased significantly in the myocardium on the first day of aerobic and anaerobic exercise compared to the control group (Figure 1 ) indicating hypoxia. The state of hypoxia affects several genes that play a role in the regulation of oxygen homeostasis, such as erythropoietin (EPO) and VEGF. Their transcription is controlled by HIF-1. Hypoxia inhibits the activity of prolyl hydroxylase domain-containing (PHD) protein and FIH-1 (factor inhibiting HIF-1), because both enzymes require oxygen as co-substrate. Inhibition of the PHD results in HIF-1α stabilization to bind CREB-binding protein (CBP)/p300 and run a perfect transcription activity. Accumulation of HIF-1α in the cytoplasm under hypoxic condition occurs rapidly. After phosphorylation, HIF-1α is translocated into the cell nucleus for dimerization with its partner HIF-1β forming the transcription factor HIF-1. Through the activation of HIF-1, expression of a number of genes that The concentration of HIF-1α increases because of the high oxygen demand during exercise to meet energy needs. Hypoxia is known to occur in skeletal muscle tissue under exercise, but the heart muscle plays a special role. During life, the heart has always to contract. To maintain its function in the face of various loads, continuous availablity of oxygen and other substrates is necessary. Increased oxygen demand during exercise will also result in increased oxygen delivery to the heart. Our study shows that concentrations of HIF-1α on the first day are higher in the anaerobic than in the aerobic group, but differences are statistically not significant. In both groups HIF-1α concentrations are significantly increased vs. controls. Anaerobic condition triggers the accumulation of HIF-1α and thus, the activation of HIF-1.
Moreover, HIF-1 plays a role in the transition from aerobic to anaerobic metabolism to produce energy through anaerobic glycolysis. 5 This transition is an adaptive response for energy to remain available even if oxygen is not sufficiently supplied.
2 Transcription factor HIF-1α is very important in maintaining ATP levels in the cells. 6 It induces glucose transporters and glycolytic enzymes such as aldolase A, pyruvate kinase M helping to produce energy in hypoxic state. HIF-1 increases the expression of these enzymes and activates pyruvate dehydrogenase kinase I so that the citric acid cycle becomes deactivated.
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Our results are comparable to Jusman et al. 11 who induced systemic hypoxia in mice using a mixture of 92% nitrogen and 8% oxygen. A sharp increase in HIF-1α mRNA of liver tissue on the first day was followed by a gradual decline until the 14 th day.
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According to Shao et al. 12 HIF-1α mRNA expression increases in acute hypoxia, whereas in hypoxia over time it declines again.
Moreover, studies on heart and brain with induced systemic hypoxia in rats indicate that the occurrence of elevated levels of HIF-1α mRNA is relative. 13 The expression reached a peak on day 7 of hypoxia in the heart and in the brain on day 14 and after the respective peaks, HIF-1α mRNA expression decreased again.
13
Research on rat kidneys using a hypoxic induction model, also resulted in increased HIF-1α mRNA with peaks on days 1 and 7 and a subsequent decrease. 14 Apart from the differences in various organs, the above findings indicate that the responsive pathway to early hypoxic adaptation is obtained by increasing the expression of HIF-1α gene. If the hypoxic condition continues, increased HIF-1α gene expression is gradually replaced with HIF-1α protein stabilization, i.e. by inhibition of protein degradation.
14 Research conducted by Ferdinal et al. 15 with induced systemic hypoxia in mice showed that the concentration of HIF-1α in cardiac muscle increased from day 7 and peaked on day 21. HIF-1α mRNA expression increased gradually. Day 21 appeared to be the beginning of more severe cardiac dysfunction in extended hypoxia.
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In our model of aerobic and anaerobic exercise HIF-1α protein increases immediately in cardiac muscle, on the first day. The reason for this rapid increase is the high oxygen demand to continue exercise. This situation causes the drop of P O2 and increases HIF-1α, which is sensitive to decreased levels of O 2 . In addition, during aerobic and anaerobic exercise the heart muscle must work harder pumping blood to meet the needs of the body. Mechanical stress can induce the accumulation of HIF-1α. Induction of HIF-1α can result from stretching the heart wall. 16 In line with the duration of exercise, HIF-1α concentrations decreased to levels close to control values. In other words, a certain level of HIF-1α is maintained in cardiac muscle not only under hypoxic but also in the normoxic condition of the control group (Figure 1) . In heart muscle, HIF-1α stability is required to sustain cardiac function because every contraction compresses coronary blood vessels in the depth of the myocardium causing a transient short hypoxia not only in hypoxic but also in normoxic state. Without maintenance of HIF-1α, ATP synthesis and thus, ATP tissue levels probably decrease in myocardium resulting in cardiac contractile dysfunction. According to Cramer et al 17 certain tissues are under the influence of HIF-1α not only in hypoxia but also in normoxia if it is necessary to maintain metabolic functions.
Stroka et al
18 found HIF-1α in the nucleus of endothelial cells and arterial myocytes in the heart muscle under normoxic condition. In myocardium, the stability of HIF-1α is required for the activation of transcription of several genes that are sensitive to normoxic oxygen conditions and hypoxia. In normoxia, there are several mechanisms to increase the stability and activity of HIF-1α. Activation of HIF-1α may occur through p44/42 MAPK (mitogen activated protein kinases) by various cytokines and growth factors through tyrosine kinase receptors, which in turn can activate phosphatidyl inositol 3-kinase to increase the transcriptional activity of HIF. In addition, nitric oxide can accumulate HIF-1α in normoxia via inhibition of its hydroxylation as the startpoint of degradation.
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Tissue concentration of VEGF in myocardium significantly increased in all anaerobic groups compared with the control group. In the aerobic group, the difference vs. control was significant only on day 10 (p < 0.05). VEGF concentration differed significantly (p < 0.05) between aerobic and anaerobic groups on days 1, 3 and 10 ( Figure 2 ).
VEGF plays an important role in stimulating angiogenesis through proliferation and migration of endothelial cells and tubulus formation. 19 Kinetics of VEGF mRNA expression in muscle cells under acute exercise were reported by Breen et al. 20 VEGF mRNA expression increased immediately after exercise commenced, decreased within 2 hours and returned to basal levels after 8 hours of continual activity. 20 Increased VEGF mRNA in muscle cells results in increased synthesis of VEGF protein, which is released into the extracellular matrix and into blood circulation. In cultured skeletal muscle cells, electrical stimulation increased the secretion of VEGF and mechanical stimulation induced VEGF secretion from myocytes of mice into the extracellular matrix.
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In exercise, muscle contraction causes local mechanical stress, which stimulates the expenditure of VEGF protein from myocytes into the extracellular matrix. 22 Furthermore, exercise decreases P O2 which triggers VEGF mRNA expression. The intracellular oxygen concentration plays a role in the response of skeletal muscle for angiogenesis. 20 Hypoxia increases VEGF expression through HIF-1 regulation, i.e., if HIF-1α and HIF-1β are increased. 6 In skeletal muscle, increased VEGF mRNA is associated with increased HIF-1α mRNA indicating the role of HIF-1α in VEGF gene expression.
6 HIF-1α affects the transcription of VEGF and hypoxia results in an increased post-transcriptional stability of VEGF mRNA. In skeletal muscle of experimental mice, VEGF mRNA increased four-fold after a single bout treadmill run and an even higher increase occurred during exercise performed in a hypoxic state.
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In muscle capillary, Lyod et al 23 reported an increase in VEGF mRNA during the early period of exercise. However, no change in capillary activity was observed until day 12 of exercise. In chronic stimulation of muscle activity, angiogenesis occured earlier, at day 5 of exercise.
23
In our study, anaerobic exercise triggers increased VEGF concentraion more rapidly than in the aerobic groups. Our interpretaion is that in anaerobic condition neovascularization is needed faster than in aerobic exercise.
Under clinical ischemic conditions, adaptation mechanisms occur in the myocardium including neovascularization into ischemic areas in order to limit myocardial damage and to improve its function.
24
Results from heart muscle biopsies in patients with ischemia and infarction showed increased levels of HIF-1α and VEGF mRNA. Expression of VEGF remained longer than that of HIF-1α. 24 Probably, HIF-1α response to ischemia occurs earlier and is temporary, whereas expression of VEGF responds to extended conditions in order to repair heart muscle tissue and to limit cellular damage caused by longer-lasting hypoxia.
As stated above, most studies on exercise have been carried out in skeletal muscle. The myocardium was widely investigated under pathological and pharmacotherapeutic conditions, e.g., ischemiareperfusion or intentionally induced hypoxia. For the first time, we showed the correlation of HIF-1α and VEGF in the myocardium with an experimental animal model under normal conditions in anaerobic and aerobic exercise, i.e., without intentionally induced hypoxia. We described the differences between the patterns of the two proteins during the course of exercise and the differences of their correlation in anaerobic and aerobic conditions. We consider this knowledge very important for training programs of athlets -especially to prevent often occuring sudden deaths from heart failure, for the counseling to our non-athletic population concerning their physical activities, as well as for the rehabilitation of patients.
In conclusion, aerobic and anaerobic exercise leads to increased concentrations of HIF-1α and VEGF in myocardium. The concentration patterns of the two proteins differ between anaerobic and aerobic conditions. The correlation between the concentrations of VEGF and HIF-1α is stronger in anaerobic than in aerobic exercise.
